Standardized tests and experiments can teach us a great deal about language disorders, but they are not enough in themselves. Eventually, we need to look at the complex patterns of conversational interactions where "the rubber hits the road" and the child engages in normal language use. To do this, we need to observe, record, and analyze spontaneous language samples. However, the study of spontaneous language samples involves an enormous time commitment to data collection, transcription, and analysis. In this article, I
will discuss a system that can facilitate the process of free speech analysis. This is the system of programs and codes developed by the Child Language Data Exchange System (or CHILDES) Project (Higginson & MacWhinney, 1990; Higginson & MacWhinney, 1994; MacWhinney, 1991a; MacWhinney, 1991b; MacWhinney, 1993; MacWhinney, 1994a; MacWhinney, 1994b; MacWhinney, 1994c; MacWhinney, 1995; MacWhinney & Snow, 1985; MacWhinney & Snow, 1990; MacWhinney & Snow, 1992) . This project has been directed by the author in collaboration with Catherine Snow of Harvard University and has been supported since 1984 by NSF, NIH, and the MacArthur Foundation.
The CHILDES system involves three integrated components: (1) a system for discourse notation and coding called CHAT, (2) a set of computer programs called CLAN, and (3) a large database of language transcripts formatted in CHAT. The programs developed by the CHILDES system were inspired by earlier work on the SALT system of Miller and Chapman (1983) , the HUM package of Bill Tuthill, and the PAL system of Clifton Pye. However, a number of features distinguish the CHILDES system from these earlier approaches. Perhaps the most important is the linkage of the CHILDES programs to a large, internationally recognized, database of language transcripts. These transcripts include data from over forty major projects in English and additional data from 19 other languages. The additional languages are Chinese (Mandarin), Chinese (Cantonese), Danish, Dutch, French, German, Greek, Hebrew, Hungarian, Italian, Japanese, Mambila, Polish, Portuguese, Russian, Swedish, Tamil, Turkish, and Ukrainian. The highly crosslinguistic nature of the database and the involvement of language acquisition researchers in over 50 countries on every continent lends a decidedly international quality to this endeavor. This international flavor has been reflected in the fact that workshops instructing researchers in the use of the CHILDES programs and database have now been held in 12 countries on four continents.
In the area of language acquisition, the attempt to include a crosslinguistic focus is not just an optional conceptual nicety; it is absolutely central to evaluating the core issues in language development. The most prominent theories in language development either make serious claims about universals of grammar (Chomsky, 1965) and conceptual structures (Bickerton, 1984; Slobin, 1985) , or else emphasize the role of language differences in terms of cue distribution (MacWhinney & Bates, 1989) or social interaction (Schieffelin & Ochs, 1987) . In order to understand both the universals and the particulars of language acquisition, it is crucial to adopt this international, crosslinguistic perspective.
The database is not only international in scope, it also cuts across a variety of disciplinary boundaries. Included in the database are data from normally-developing children, children with language disorders, adults with aphasia, learners of second languages, and bilinguals who have been exposed to language in early childhood.
Although most users of the CHILDES system are members of the child language research community, the system is also used extensively by students of child language disorders, aphasia, second language learning, computational linguistics, literacy development, narrative structures, and adult sociolinguistics. The system is primarily designed to serve the needs of researchers, but recent developments make it increasingly interesting for clinicians as well.
To gain a deeper perspective on the development of the CHILDES system, it is helpful to look at the ways in which the methodology for the study of spontaneous language production has evolved historically. Starting in ancient times and continuing up through the present, we can distinguish five major periods. In each of these periods, our understanding of the nature of language has been closely linked to the nature of the methodology that has been available for studying language performance.
The Five Periods of Language Observation
Period 1: Naive Speculation. The first attempt to understand the process of language development appears in a remarkable passage from the Confessions of St. Augustine. In this passage, Augustine actually claims that he remembered how he had learned language:
This I remember; and have since observed how I learned to speak. It was not that my elders taught me words (as, soon after, other learning) in any set method; but I, longing by cries and broken accents and various motions of my limbs to express my thoughts, that so I might have my will, and yet unable to express all I willed or to whom I willed, did myself, by the understanding which Thou, my God, gavest me, practise the sounds in my memory. When they named anything, and as they spoke turned towards it, I saw and remembered that they called what they would point out by the name they uttered. And that they meant this thing, and no other, was plain from the motion of their body, the natural language, as it were, of all nations, expressed by the countenance, glances of the eye, gestures of the limbs, and tones of the voice, indicating the affections of the mind as it pursues, possesses, rejects, or shuns. And thus by constantly hearing words, as they occurred in various sentences, I
collected gradually for what they stood; and, having broken in my mouth to these signs, I thereby gave utterance to my will. Thus I exchanged with those about me these current signs of our wills, and so launched deeper into the stormy intercourse of human life, yet depending on parental authority and the beck of elders.
Augustine's fanciful recollection of his own language acquisition remained the high water mark for child language studies through the Middle Ages and even the Enlightenment.
However, Augustine's recollection technique is no longer of much interest to us, since few of us believe in the accuracy of recollections from infancy. Period 3: Transcripts. The limits of the baby biography were always quite apparent.
Even the most highly trained observor cannot keep pace with the rapid flow of speech that emerges between children and their caretakers. Instead, observors end up focusing on a few cute words or interesting sounds or phrases, rather than larger features such as discourse and narrative. The emergence of the taperecorder in the 1950's provided a way around these limitations and ushered in the third period of child language studies. This period was characterized by multi-investigator projects which collected large datasets of taperecordings.
As long as there was sufficient funding available, these tapes were transcribed either by hand or by typewriter. Typewritten copies were reproduced by dittomaster, stencil, or mimeograph. Comments and tallies were written into the margins of these copies and new, even less legible copies were then made by thermal production of new dittomasters. Every investigator devised a project-specific system of transcription and project-specific codes.
The single most important study of this third period was the study of the development of Adam, Eve, and Sarah conducted by Brown (1973) and his students. It was Brown who initiated the idea of data-sharing by allowing dittoed copies of his entire corpus to be shipped to other researchers. In some cases, these other investigators (e.g. Moerk, 1983) attempted to disprove the conclusions drawn from those data by Brown himself. By exposing his work to this type of critical examination, Brown secured a lasting preeminent stature in the child language field. However, the dissemination of mimeographed and photocopied transcript data also cast a spotlight on the weak underbelly of our analytic techniques in language acquisition research. As we began to compare hand-written and typewritten transcripts, problems in transcription methodology, coding schemes, and cross-investigator reliability became more apparent.
Period 4: Computers. Just as these new problems were coming to light, a major technological opportunity was emerging in the shape of the powerful, affordable microcomputer. Microcomputer word-processing systems and database programs allowed researchers to enter transcript data into computer files which could then be easily duplicated, edited, and analyzed by standard data-processing techniques. The possibility of utilizing shared transcription formats, shared codes, and shared analysis programs shone at first like a faint glimmer on the horizon, against the fog and gloom of handwritten tallies, fuzzy dittoes, and idiosyncratic coding schemes.
In 1984 a meeting of 16 researchers in child language and language disorders formally launched the CHILDES system. The initial focus of the CHILDES project was on the collection of a non-standardized database of computerized corpora. As the database grew, it soon became apparent that researchers needed more than a disparate set of corpora transcribed in a confusing diversity of styles. They needed a consistent set of standards both for the analysis of old data and for the collection and transcription of new corpora. The CHILDES system addressed these needs by developing three separate, but integrated, tools.
The first tool was the database itself, the second tool was the CHAT transcription and coding format, and the third tool was the CLAN package of analysis programs. By 1991, the basic shape of these three tools was completed. The full system is presented in detail in MacWhinney (1991b) and illustrated through practical examples in Sokolov and Snow (1994) . Researchers who plan to make use of the CHILDES tools will want to consult both of these resources. Table 1 lists some of the most important hardware and software products and their uses.
________________________________
Insert Table 1 about here ________________________________
The Database
The first major tool in the CHILDES workbench is the database itself. Through CD-ROM or FTP, researchers now have access to the results of nearly a hundred major research projects in 20 languages. Using this database, a researcher can directly test a vast range of empirical hypotheses against either this whole database or some logically defined subset.
The database includes a wide variety of language samples from a wide range of ages and situations. Almost all of the data represent real spontaneous interactions in natural contexts, rather than some simple list of sentences or test results. Although more than half of the data come from English speakers, there is also a significant component of non-English data.
At first, nearly all of the data in the CHILDES database were from normally-developing children. However, recent additions to the database have included several major corpora from children with language disorders. These include data from Down Syndrome contributed by Nahid Hooshyar, Jean Rondal, and Helen Tager-Flusberg; data from autistic children contributed by Helen Tager Flusberg; data from SLI (Specific Language Impairment) contributed by Lynn Bliss, Patricia Hargrove, Gina Conti-Ramsden, and Larry Leonard; and data from children with articulatory disorders contributed by Susan FosnotMeyers and the Ulm University Clinic. In the area of adult aphasia, the database includes two large corpora. The first is a set of conversational interviews with 42 aphasic patients during the period of recovery from stroke donated by Audrey Holland. The second is a collection of interview and picture description data from aphasic speakers of English, German, Hungarian, Chinese, and Italian donated by Elizabeth Bates and her colleagues.
One of the major priorities for the CHILDES project is the inclusion of additional data on both childhood language disorders and aphasia during the coming years. Although the CHILDES system was originally designed as a research tool, the growth in data on language disorders will eventually make it an interesting resource for clinicians as well. Currently, computer programs that can maximize the use of the database and transcript analysis system in a clinical context have not yet been developed.
All of the major corpora have been formatted into the CHAT standard and have been checked for syntactic accuracy. The total size of the database is now approximately 160 million characters (160 MB). The corpora are divided into six major directories: English, non-English, narratives, books, language impairments, and bilingual acquisition. In addition to the basic texts on language acquisition, there is a database from the Communicative Development Inventory (Dale, Bates, Reznick & Morisset, 1989 ) and a bibliographic database for Child Language studies (Higginson & MacWhinney, 1990) .
Membership in CHILDES is open. Members are listed in a standard database and receive electronic messages through the info-childes@andrew.cmu.edu electronic bulletin board. In order to be officially included in the info-childes electronic mailing list and database, researchers should send email to childes@cmu.edu with their computer address, postal address, affiliations, and phone number. Users are asked to abide by the rules of the System.
In particular, they should abide by the stated wishes of the contributors of the data and should acknowledge all uses of the data and the programs. Any article that uses the data from a particular corpus must cite a reference from the contributor of that corpus. The exact reference is given in the CHILDES manual (MacWhinney, 1991b) . In addition, researchers should cite the 1991 version of the manual, since this allows us to track references in the literature.
All of the CHILDES materials can be obtained without charge by anonymous FTP to poppy.psy.cmu.edu in Pittsburgh and atila-ftp.uia.ac.be in Antwerp.
The procedure for transferring files and programs depends on the type of machine you are using and the type of files you wish to retrieve. It is best to always set "binary" mode for transfer. The data files are combined into larger files using the TAR program and you will need to obtain that program to extract them. If you are not familiar with the details of the process of transfer using FTP, it is best to get consult pages 280-283 of the 1995 version of the CHILDES Manual and to be in contact with your local FTP maintainer.
For users without access to the InterNet, as well as for those who want a convenient way of storing the database, we have published a CD-ROM in High Sierra format which can be read by Macintosh, UNIX, and MS-DOS machines which have a CD-ROM reader. The disk contains the whole database, the programs, and the CHILDES/BIB system. One directory contains the materials in Macintosh format and the other contains the materials in UNIX/DOS format. The CD-ROM, the printed manual, and the research guide are available at nominal cost through Lawrence Erlbaum Associates, 365 Broadway, Hillsdale NJ 07642 and the phone number for orders is (201) 666-4110. The CHAT system is grounded on three basic principles.
CHAT
1. Each utterance is transcribed as a separate entry in the system. Even in cases when a speaker continues for several utterances, we ask the transcriber to enter each new utterance on a new line. This is important, since it greatly facilitates the matching of additional information to the "main line".
2. Coding information is separated out from the basic transcription and placed on separate "dependent tiers" below the main line. The CHILDES manual presents coding systems for phonology, speech acts, speech errors, morphology, and syntax.
The user can created additional coding systems to serve special needs.
3. On the main line, the main goal of the transcription is to enter a set of standard language word forms that correspond as directly as possible to the forms produced by the learner. Of course, learner forms differ from the standard language in many ways and there are a wide variety of techniques in the CHAT system for notating these divergences, while still maintaining the listing of word forms to facilitate computer retrieval.
For full examples of the coding system and its many options, the reader should consult the CHILDES manual.
CLAN
For the last few years, the main emphasis of new developments in the CHILDES system has been on the writing of new computer programs. Currently, there are two major components of the CHILDES programs. The first is the set of programs for searching and string comparison called CLAN ( C hild L anguage An alysis). The second is a set of facilities built up around an editor called CED (CHILDES Ed itor).
Let us first take a look at the capabilities of the CLAN programs. These programs have been designed to support four basic types of linguistic analysis (Crystal, 1982; Crystal, Fletcher & Garman, 1989) : lexical analysis, morphosyntactic analysis, discourse analysis, and phonological analysis. In addition, there are programs for file display, automation of coding, measure computation, and additional utilities. line, one at a time, or put together in a master file. The strings can contain wild cards and words can be combined using Boolean operators such as "and", "not", and "or". Together, these various capabilities give the user virtually complete control over the nature of the patterns to be located, the files to be searched, and the way in which the results of the search should be combined into files or even reduced into data fro statistical analysis. Scores of studies have appeared in the published literature using these techniques to track the development of lexical fields, such as morality, kinship, gender terminology, mental states, causative verbs, and modal auxiliaries. It is also possible to track words of a given length or a given lexical frequency. FREQ outputs a complete frequency analysis for a single file or for groups of files. Here is an example of a FREQ frequency count for a single small file with only the Mother's utterances being analyzed.
freq sid.cha +f +t*MOT Sun Jul 16 01:31:13 1995 freq (21-NOV-94) is conducting analyses on: ONLY speaker main tiers matching: *MOT; **************************************** From file <sid.cha> to file <sid.fr0> 13 a 2 about 1 ah 4 all 1 all+right 1 ambulance 7 and 7 are 1 are-'nt 2 back 2 be 1 because 1 bet 3 big 1 bought 3 boy 1 bring-ing 1 build 1 building 1 can 2 clever 2 come 1 crash 1 daddy 1 dear 1 did 7 do 5 do-'nt
In this analysis we see that the Mother used the word "big" three times. If we want to look more closely at these usages, we can use KWAL and we will get this output:
kwal +t*MOT +sbig sid.cha Sun Jul 16 01:33:11 1995 kwal (21-NOV-94) is conducting analyses on:
ONLY speaker main tiers matching: *MOT; **************************************** From file <sid.cha> ----------------------------------------*** File sid.cha. Line 336. Keyword: big *MOT:
is it go-ing to be a big ship ? ----------------------------------------*** File sid.cha. Line 344. Keyword: big *MOT:
and that-'is go-ing to be a big ship . Each of these programs has many options that can allow the user to vary the shape of the input, the shape of the output, and the type of analysis that is being conducted.
Morphosyntactic analyses. Many of the most important questions in child language
require the detailed study of specific morphosyntactic features and constructions. Typically, this type of analysis can be supported by the coding of a complete %mor line in accord with the guidelines specified in Chapter 14 of the CHILDES Manual. Once a complete %mor tier is available, a vast range of morphological and syntactic analyses become possible.
However, hand-coding of a %mor tier for the entire CHILDES database would require perhaps twenty years of work and would be extremely error-prone and non-correctable. If the standards for morphological coding changed in the middle of this project, the coders would have to start over again from the beginning. It would be difficult to imagine a more tedious and frustrating task --the hand-coder's equivalent of Sisyphus and his stone.
To address this problem, we have built an automatic coding program for CHAT files, called MOR. Although the system is designed to be transportable to all languages, it has only been fully elaborated for English, Japanese, Dutch, and German. To get an idea of how MOR operates on a CHAT file, consider the following example text, taken from the adam35.cha file from the Brown (1973) Construction of a full %mor line using MOR also makes possible several additional forms of analysis, including some with strong potential implications for clinical practice. One is the automatic running of the DSS program which computes the Developmental Sentence Score profile of Lee (1974) . Parallel systems of analysis will eventually be developed for systems such as IPSYN (Scarborough, 1990) or LARSP (Crystal et al., 1989) . The %mor line can also be used as the basis for CLAN programs such as cooccur which examines local syntactic structures and CHIP which examines recasts, imitations, and structural reductions.
Discourse and narrative. The most important CLAN tool for discourse analysis is the system for data coding inside the CED editor. CED provides the user with not only a complete text editor, but also a systematic way of entering user-determined codes into dependent tiers in CHAT files. In the coding mode, CED allows the user to establish a predetermined set of codes and then to march through the file line by line making simple key stroke movements that enter the correct codes for each utterance selected.
Once a file has been fully coded in CED, a variety of additional analyses become possible.
The standard search tools of FREQ, KWAL, and COMBO can be used to trace frequencies of particular codes. And a simple initial view of the shape of the discourse can be computed by using the MLT program to computes the mean length of the turn for each speaker.
For more serious discourse analysis, the CHAINS, DIST, and KEYMAP programs can be used to track sequences of particular codes. For example, KEYMAP will create a contingency table for all the types of codes that follow some specified code or group of codes. It can be used, for example, to trace the extent to which a mother's question is followed by an answer from the child, as opposed to some irrelevant utterance or no response at all. DIST lists the average distances between words or codes. The most useful program for discourse analysis is the CHAINS program which looks at sequences of codes across utterances. The following sample file codes a few utterances in terms of the INCA coding system of Ninio, Snow, Pan, and Rollins (1994) which is summarized in the CHILDES manual in Chapter 16. For example, a code like "NIA:FP" would indicate the use of a filled pause to "negotiate an immediate activity". We can then vary the way in which we merge together codes to background the coding differences on the second level and we will get this output instead: Phonological analyses. Currently, phonological analysis is a bit of a step-child in CLAN, but we have plans to correct this situation. These plans involve two types of developments.
One is the amplification of standard programs for inventory analysis, phonological process analysis, model-and-replica analysis, and other standard frameworks for phonological investigation. Currently, the two programs adapted to phonological analysis are PHONFREQ which computes the frequencies of various segments, separating out consonants and vowels by their various syllable positions and MODREP which matches %pho tier symbols with the corresponding main line text. For more precise control of MODREP, it is possible to create a separate %mod line in which each segment on the %pho corresponds to exactly one segment on the %mod line.
The second set of plans for improving our ability to do phonological analysis focus on the use of digitized sound within the CED editor. On the Macintosh, the CED editor allows the transcriber direct access to digitized audio records that have been stored using an application such as SoundEdit16. In the next year, we hope to implement a similar utility for the Windows platform. Using this system which we call "sonic CHAT", one can simply double-click on an utterance and it will play back in full CD quality audio. Moreover, the exact beginning and end points of the utterance are coded in milliseconds and the PAUSE program can use these data to compute total speaker time, time in pausing between utterances, and overlap duration time. A sample of a file coded in sonic CHAT with a wave form displayed at the bottom of the window is given in Figure 1 . In this file, the numbers on the %snd tier refer to absolute time in milliseconds from the beginning to the end of a particular utterance.
_______________________
Insert Figure 1 about here _______________________
. The Future
Our plans for the future development of the CHILDES system are based on the view of the fifth stage of observational research as being the period of connectivity. Our first priority for this period is to make full use of the facilities of the World-Wide Web (WWW)
to provide multimedia access to the database, the bibliographic system, and the manual. Equally important is the growth of connectivity between programs on a single computer.
An example of the type of development we are currently supporting is the linkage of the CED editor to high-level speech analysis tools such as Signalyze on the Macintosh or WAVES on UNIX. We also plan to have access to a reference database of digitized IPA sounds, as well as audio examples of specific uses of CHAT symbols and codes.
The Glossome. The emergent connectivity of the InterNet has opened up an even more exciting prospect that few have yet appreciated. This is the potential for the establishment of the Glossome Database. Much like the Human Genome Database, the creation of a set of standards for data transcription and transmission will allow us to access a wide variety of data on not just language learners, but also adult conversations, huge databases of written texts, phone conversations, schoolroom lessons, and all manner of human language production by all types of speakers in all languages. Of course, we will never encode the full contents of the Human Glossome, but we can divise tools that will allow us to understand the patterns involved in the enormous diversities of behaviors that we can human language.
Successful formation of this important new resource will require an overt commitment from researchers acting as individuals and through their professional societies and journals.
In fields such as the sequencing of proteins in DNA, researchers, journals, and the government have set the requirement that only data which are publicly available in the Human Genome database can be published. A similar policy for language development studies would insure the stable and continued development of the CHILDES database and the gradual emergence of the Glossome Database. Until such a policy is developed and accepted, the voluntary acceptance of these responsibilities that has characterized the child language field will guarantee continued growth of the database. Data from children and adults with language disorders are some of the most important data to be included in the Glossome. For this reason, we look forward with great hope to the continued and growing acceptance of the CHILDES system and the Glossome Database by researchers in language disorders.
Term Explanation
Audiovisual/AV Computer that can control sound and video. hard drive Built-in device that gives access to large amounts of erasable data.
InterNet
System of electronic links that allows computers to transfer data.
Macintosh
An operating system designed to machine user-friendliness.
MS-DOS
A common and easily controlled operating system for microcomputers.
optical disk Removable disk that gives access to huge amounts of erasable data.
poppy.psy.cmu.edu The machine that makes CHILDES data and programs available by FTP.
TAR a program that puts many files into one (like Zip or Compactor) UNIX A powerful, but sometimes difficult, operating system.
World Wide Web
Software that facilitates use of the InterNet for conceptual connections . 
